Quasars with extremely red colours are an interesting population that can test ideas about quasar evolution as well as orientation and geometric effects in the so-called AGN unified model. To identify such a population we search the quasar catalogs of the Sloan Digital Sky Survey (SDSS), the Baryon Oscillation Spectroscopic Survey (BOSS) and the Wide-Field Infrared Survey Explorer (WISE) for quasars with extremely high infrared-to-optical ratios. We identify 65 objects with r AB − W 4 Vega > 14 mag (i.e.,
accretion of matter onto supermassive black holes. To explain how quasars are fueled and become active, models (e.g., Sanders et al. 1988; Hopkins et al. 2005 Hopkins et al. , 2006 suggest that mergers between gas-rich galaxies drive gas to the nuclei of merging galaxies, producing starbursts. The same activity fuels the growth of the supermassive black holes, which actively accrete matter at this stage, with much of the black hole growth happening in this ultra-violet (UV) and optically obscured phase. Feedback, potentially from a radiation-driven quasar wind, leads to removal of gas and dust from the central region, allowing the quasar to be seen in the UV and optical. These major-merger models are invoked to explain the obscuration/reddening observations noted in e.g., Urrutia et al. (2008) , Glikman et al. (2012) , and while they provide a reasonable fit to the observed quasar luminosity function (Richards et al. 2006b; Hopkins et al. 2007; Ross et al. 2013) and to clustering (e.g. Lidz et al. 2006; Myers et al. 2006 Myers et al. , 2007 Ross et al. 2009; White et al. 2012) , there is little direct evidence for this picture in the form of a direct relationship between quasar activity and various stages in the galaxy interaction process (see e.g., Alexander & Hickox 2012; Fabian 2012; Heckman & Best 2014 , for reviews).
Quasars appear with a wide range of observational properties. Intrinsically luminous quasars may or may not appear bright at optical, ultra-violet and X-ray wavelengths. Much of this variance can be explained in the context of the geometry-based 'unification models' (Antonucci 1993) . If gas and dust are present near the active nucleus but do not completely surround it, then some lines of sight to the nucleus are clear, whereas others are blocked. In the former case, the observer can directly view the emission from the accretion disk, with the quasar appearing bright at X-ray, ultraviolet and optical wavelengths and displaying broad (several thousand km s −1 ) emission lines in the optical spectra. These objects are termed unobscured, or Type 1, active nuclei (Khachikian & Weedman 1974) . This contrasts with the situation where the observer's line of sight is blocked by circumnuclear clouds; in this case X-rays are absorbed by the intervening gas and ultra-violet and optical photons are scattered and absorbed by the intervening dust. At optical wavelengths, often the only signature of nuclear activity in this case is strong, narrow emission lines produced in the material illuminated by the quasar along unobscured directions. These objects with weak ultra-violet and optical continua and narrow emission lines are designated Type 2 (or obscured) sources (Antonucci & Miller 1985; Smith et al. 2002; Zakamska et al. 2003; Brandt & Hasinger 2005; Reyes et al. 2008) . Thus, obscuration, as part of an evolutionary phase or an orientation effect, is critical in determining the observed properties of quasars. However, because of their faintness at rest-frame optical and ultra-violet wavelengths, identifying Type 2 objects at high redshiftsat the peak of quasar activity z ∼ 2 -remains challenging (Stern et al. 2002; Norman et al. 2002; Alexandroff et al. 2013; Greene et al. 2014) .
The circumnuclear clouds of gas and dust absorb X-ray, ultra-violet and optical radiation from the quasar and reemit this energy thermally at infrared wavelengths. This is why Type 1 quasars have similar luminosities at near-and mid-infrared wavelengths (∼ 2 − 30µm in the rest-frame) as they do in the optical and in the ultra-violet (Elvis et al. 1994 ; Richards et al. 2006a; Polletta et al. 2008; Elvis 2010) . Extremely obscured and dusty objects, in which optical emission is blocked, are therefore expected to show much higher infrared-to-optical ratios than Type I quasars. Indeed, a host of previous studies have used a K-band excess selection (Chiu et al. 2007; Maddox et al. 2008; Jurek et al. 2008; Nakos et al. 2009; Souchay et al. 2009; Wu & Jia 2010; Peth et al. 2011; Wu et al. 2011; Maddox et al. 2012; Fynbo et al. 2013; Wu et al. 2013 ), a near-infrared+radio selection (Glikman et al. 2004 (Glikman et al. , 2007 (Glikman et al. , 2012 (Glikman et al. , 2013 or a mid-infrared selection Stern et al. 2005; Martínez-Sansigre et al. 2006; Richards et al. 2009; Donley et al. 2012; Stern et al. 2012; Banerji et al. 2013; Assef et al. 2013 ) to identify obscured (as well as unobscured) AGN.
In this paper, we describe a search for extremely red quasars to study the nature of the obscuration and the physical properties of quasars that have the unique orientations or evolutionary status that lead to these colours. We use optical photometry and spectroscopy from the Sloan Digital Sky Survey (SDSS; York et al. 2000) and SDSS-III (Eisenstein et al. 2011 ) Baryon Oscillation Spectroscopic Survey (BOSS; Dawson et al. 2013 ) as well as mid-infrared photometry from theWide-Field Infrared Survey Explorer (WISE; Wright et al. 2010) .
A second paper (Ross et al. 2014b ; hereafter 'Paper II') describes the matched SDSS/BOSS+WISE quasar catalog in more detail (including the optical and mid-infrared colour-distributions, and radio properties of the sample) while a third paper (Hamann et al. 2014 ) presents a detailed investigation into a new class of objects, the extreme rest-frame equivalent width quasars, which are introduced here.
This paper is organized as follows. In Section 2, we describe our datasets and sample selection, and in Section 3 we present the basis sample properties of the extremely red quasars. In Section 4 we discuss the optical spectra of the extremely red quasars, classifying objects along the traditional lines of broad-line Type 1s, narrow-line Type 2s and those with interesting absorption features. In Section 4.8, we introduce the new class of extreme equivalent width quasars. We conclude in Section 5.
DATA AND SAMPLE SELECTION

Parent dataset
Our starting point is the spectroscopic quasar catalogs of the SDSS Seventh Data Release (DR7Q; Schneider et al. 2010; Shen et al. 2011 ) and the SDSS-III Tenth Data Release (DR10Q; Pâris et al. 2014) . SDSS quasar targets were selected to have i ≤ 19.1 if the colours were consistent with being at redshift z 3, and i ≤ 20.2 if z 3, as outlined in Richards et al. (2002) . BOSS quasar targets are selected to a magnitude limit of g ≤ 22.0 or r ≤ 21.85, with the primary goal to select quasars in the redshift range 2.2 ≤ z ≤ 3.5 as described in detail by Ross et al. (2012, and references therein) . In both SDSS and BOSS, quasar targets are also selected if they are matched within 2 ′′ (1 ′′ in the case of BOSS) of an object in the Faint Images of the Radio Sky at Twenty-cm (FIRST) catalog of radio sources (Becker et al. 1995). Both the SDSS DR7Q and BOSS DR10Q include quasars that were selected by algorithms other than the main quasar selections; these sources appear in the catalog due to being a 'serendipitous' (in SDSS, Stoughton et al. 2002) or an 'ancillary' (in BOSS, Dawson et al. 2013) target.
Luminous distant quasars are expected to be unresolved in optical ground-based observations, so we use point-spread function (PSF) magnitudes reported in the SDSS DR7 and BOSS DR10 quasar catalogs, corrected for Galactic extinction (Schlegel et al. 1998) . Using the 2.5m Sloan telescope (Gunn et al. 2006) , imaging data (Gunn et al. 1998 ) and spectra were obtained with the double-armed SDSS/BOSS spectrographs which have R = λ/FWHM∼2000 (Smee et al. 2013) . Redshifts are measured from the spectra using the methods described in Bolton et al. (2012) and the data products are detailed in the SDSS DR7 (Abazajian et al. 2009 ) and DR10 (Ahn et al. 2014) papers.
The SDSS DR7 and BOSS DR10 quasar catalogs include 105,783 objects across 9380 deg 2 , and 166,583 objects across 6,370 deg 2 , respectively, with 16,420 objects in common to both catalogs. Thus our superset of optical data has 255,946 objects, and we use the BOSS spectrum (which has higher S/N and a larger wavelength coverage) when there are duplicate spectra between the two catalogs.
WISE mapped the sky in four filters centered at 3.4, 4.6, 12, and 22µm (W 1, W 2, W 3, and W 4 bands), achieving 5σ point-source sensitivities better than 0.08, 0.11, 1, and 6 mJy, respectively. The WISE Explanatory Supplement 1 provides further details about the astrometry and photometry in the source catalog. We retrieved photometric quantities 1 wise2.ipac.caltech.edu/docs/release/allwise/expsup/index.html for each of the four WISE bands. Hereafter, we use the notation SNRWx for the signal-to-noise ratio and W x for the Vega-based WISE magnitudes, in band x = 1, 2, 3 and 4.
Because of established conventions, we report Sloan Digital Sky Survey (SDSS) ugriz magnitudes on the AB zero-point system (Oke & Gunn 1983; Fukugita et al. 1996) , while the Wide-Field Infrared Survey Explorer (WISE) W 1 − 4 magnitudes are calibrated on the Vega system (Wright et al. 2010) . For WISE bands, mAB = mVega + ∆m where ∆m = (2. 699, 3.339, 5.174, 6 .620) for W 1, W 2, W 3 and W 4, respectively (Cutri et al. 2011) . We make use of the Explanatory Supplement to the WISE All-Sky Data Release, as well as the WISE AllWISE Data Release Products online.
The WISE team has released two all sky catalogs: the 9 month cryogenic phase of the mission led to the WISE All-Sky ("AllSky") Data Release; while the WISE AllWISE Data Release ("AllWISE") combines the AllSky data with the NEOWISE program (Mainzer et al. 2011) . The resulting AllWISE dataset is deeper in the two shorter WISE-bands (5σ point-source sensitivities now 0.054 and 0.071 mJy), and the data processing algorithms were improved in all four Wbands.
We match the sample of the 255,946 unique quasars in the SDSS DR7Q and BOSS DR10Q, and use both the AllSky and the AllWISE data available at the NASA/IPAC Infrared Science Archive(IRSA) 2 , with a matching radius of 2 ′′ . For the combined DR7Q+DR10Q, we find 203,680 matches; 102,083 objects (96.5%) of the DR7Q and 111,779 (67%) of the DR10Q are matched in one or more WISE bands. The difference in the percentage of matches is expected since BOSS is fainter than SDSS. Matching with DR10Q positions offset in Right Ascension and Declination by of 6 ′′ , 12 ′′ and 18 ′′ (∼1, 2 and 3 times the WISE angular resolution in W1/2/3) return, respectively, 508, 893 and 873 matches within 2 ′′ , suggesting our false-positive matching rate is 1% (see also Krawczyk et al. 2013) .
With a matching radius of 2", 15,843 of the SDSS DR7 quasars, and 2,979 of the (optically fainter) BOSS DR10 quasars have a good match in the WISE W 4 band, i.e., SNRW4 ≥ 3, W4< 8.00 (close to the nominal 5σ point source sensitivity of W 4 = 7.9, Wright et al. 2010 ) and the WISE contamination and confusion flag, cc flags set to "0000", suggesting the source is unaffected by known artifacts in all four bands. Table 1 presents an overview of the numbers of SDSS/BOSS quasars in the WISE-matched dataset.
Extremely red quasar criterion
Motivated by the discovery of a population of z ∼ 2, dustobscured galaxies revealed by the Spitzer Space Telescope (Dey et al. 2008) , we apply similar selection criteria to the SDSS/BOSS+WISE matched quasars; see Figure 1 . In particular, we require the spectroscopic quasars to have a reliable detection in the WISE W4-band:
a colour of Hence, the sum of the "From SDSS" and "From BOSS" columns is greater than the given total. b "Good" W 4 detections have SNR W4 ≥ 3 and W 4 < 8.00 and cc flags eq "0000".
i.e., rAB − W 4AB 7.5, which corresponds to Fν(22µm)/Fν (r) 1000, and
We further include objects with W 4 > 8.00 if the object has SNRW 4 ≥ 3 and W 4−σW 4 < 8.00. In Table 1 we outline the stages in the selection and the resulting number of quasars after every step.
As dust around an AGN is expected to sublimate at a temperature of ∼2000K, at high redshift our WISE W 4 i.e., 22µm-based selection, is sensitive to hot dust since W 4 probes λ ≃ 7.3µm at z ≈ 2 (Draine & Li 2007; Elitzur 2008; Diamond-Stanic & Rieke 2010) . This is of particular interest because at these redshifts shorter wavebands (e.g. W 1) may cease to trace dust emission at z ≈ 2.
For the W 4 selection we require r − W 4 > 14 and has also been shown by the WISE team to locate Type 2 quasars at z ∼ 2 (Wu et al. 2012; Yan et al. 2013) .
Our selection applied to both the AllSky and AllWISE catalogs results in very similar samples, and any object that passes the criteria in equations (1)- (3) in either of these data releases is included. There are 65 quasars that have spectra from SDSS/BOSS and satisfy the extremely red criterion from the union between the two WISE datasets. The W 4 PSF has a full width at half maximum (FWHM) of 12 ′′ , much larger than the optical PSF, so a nearby galaxy and a quasar cannot be deblended in W 4 observations if they are a few arcseconds apart.
We visually inspected the SDSS and WISE images of the 65 objects using the SDSS Image List Tool and the IRSA WISE Image Service, and establish that there is no other obvious optical source (down to the 5σ-depth of the SDSS photometric survey of r = 22.7) within 6 ′′ of our target. In only two cases there is potential concern that another optical object boosts the W 4 flux -we return to this in Section 4.4. Also, although bright in W 1 and W 2, brown drawfs tend to be significantly fainter than 8th magnitude in W 4 (Kirkpatrick et al. 2011 ), so we do not suspect contamination from these objects. Overall, we consider all 65 r − W 4 > 14 quasars good matches. The 65 quasars from SDSS and BOSS that have r − W 4 > 14, in order of increasing redshift. The r-band AB magnitude is from either Schneider et al. (2010) or Pâris et al. (2014) , corrected for extinction (Schlegel et al. 1998) , while the WISE W4 Vega magnitude is from the AllWISE Data Release catalog. The Radio fluxes are the integrated flux densities (Fint) measured in mJy at 20cm from the FIRST survey (Becker et al. 1995) . The Rest-frame Equivalent Widths (REWs) inÅngstroms are given for Mg ii at z ≤ 1.5 and C iv for objects at redshift z > 1.5. The Full-Width, Half-Maximum (FWHM) of the relevant emission line is also quoted. Objects with similar optical spectral properties are grouped together, using the bitwise values described in Table 3 , converted here to binary (with a space gap for easier inspection). Extremely Red Quasars: Optical Spectra 7 Figure 2 . The redshift distribution of the 17,744 SDSS/BOSS quasars with good W4 matches is given by the black (dashed) histogram. The redshift distribution of extremely red quasars (with r − W 4 > 14) is given by the solid (red) line. It has a binwidth of z = 0.20 and is renormalized to peak at 300. This maximum bin, at z ≈ 0.70, actually has 12 objects.
KEY PROPERTIES OF THE EXTREMELY RED QUASARS
The key properties of the extremely red quasar sample are provided in Table 2 : the catalog name of the object, its Right Ascension, Declination, redshift, magnitude and colour properties. The W 4 flux density (in Jansky's) is calculated directly from the W4 magnitude as prescribed by the WISE Explanatory Supplement. A power-law slope of α = 1 and Fν ∝ ν −α is assumed (Table 1 of Wright et al. 2010 ), but no attempts are made to compute an absolute W 4 or r-band magnitude and thus no k-correction is employed. The Radio fluxes are the integrated flux densities (Fint) measured in mJy at 20cm from the FIRST survey (Becker et al. 1995) . The Rest-frame Equivalent Widths (REWs) are given for Mg ii at z ≤ 1.5 and C iv for objects at redshift z > 1.5. The Full-Width, Half-Maximum (FWHM) of the relevant emission line is also quoted, with the REW and FWHM measurements coming from fits to the line profiles, as described in Hamann et al. in prep.
We give each object a classification based on optical spectral properties, indicated by the bitwise values described in Table 3 . These classifications were all performed by visual inspection, with objects being assigned to the classes given in Table 3 depending on the presence (or absence) of broad/narrow emission lines, broad absorption features, the indications of ongoing or recently ceased star-formation, or objects with large equivalent width in the C iv emission line. These visual inspections are generally qualitative but as discussed in Section 4, aid us to understand the sample and physical types of quasar the r − W 4 > 14 colour selects.
We also present a short note on each object in Table  2 . Again, these notes are generally qualitative assessments based on visual inspection of the optical spectra. We do not quantify e.g. [O ii] strength, but use these notes to make the link between the classifications given in Table 3 and the discussions presented in Section 4. We call a quasar "red" when its spectral slope is shallower than the Vanden Berk et al. (2001) template. The acronyms SB, RLQ and EREW stand for starburst, Radio Loud Quasar and Extreme Rest-frame Equivalent Width, the latter of which we introduce and described in Section 4.8.
The redshift range for the extremely red quasars is 0.282 < z < 4.36, and half the sample is fainter than r=21.4. Figure 2 shows the redshift distribution of the sample compared to the full redshift distribution of the 17,744 SDSS/BOSS quasars with good W4 matches. The redshift distribution of the r − W 4 > 14 sample is bimodal, with peaks around z ∼ 0.8 and z ∼ 2.5. In Figure 3 the redshifts and i-band magnitudes are displayed for the r−W 4 > 14 objects, and compared to the distributions from the full SDSS DR7 and BOSS DR10 quasar catalogs. SDSS quasars use the i-band for selection limits, so we use this further in this figure. One can identify the i = 19.1 magnitude limit contour for the SDSS z 2.5 quasars, as well as the redshift histogram peaks at z ∼ 0.6 − 1.0 and z ∼ 2.2 − 2.7 seen in the BOSS quasar distribution (e.g. Fig. 2 in Pâris et al. 2014) . Figure 4 presents the magnitude-redshift relations for the SDSS/BOSS+WISE matched catalog, including objects with good W 4 matches, and the extremely red sample, in the r and W 4-bands, as well as the distribution in redshift vs. r − W 4 colour. This plot can be directly compared with Yan et al. (2013) (and their Figure 20) . Yan et al. (2013) have also merged the WISE photometry with the SDSS (though not BOSS), and describe the spectroscopic observations of eight objects that have r − W 4 > 14 (see their  Table 1 for details). Although we have an order of magnitude more r − W 4 > 14 objects at z > 2, the Yan et al. objects Table 3 . The classifications of the optical spectra of the extremely red quasar sample, the bitwise value associated with each classification and the number in the sample. Aside from the Type 1/Type 2 dichotomy, the categories are not mutually exclusive. Radio Loud is defined as R > 10.
are significantly fainter in the optical than our SDSS/BOSS detected objects. Based on the spectral properties of the Yan et al. (2013) sample, 3/8 are classified as Type-1 AGN, 3 objects are Type-2 AGN, and the remaining two objects have features consistent with either a Type-2 AGN, or a star-forming galaxy, broadly in line with the composition given in Table 3 .
CLASSIFICATIONS FROM OPTICAL SPECTROSCOPY
The spectra of the extremely red quasar sample are publicly available at the SDSS-III Science Archive Server 3 . The optical spectra can be classified into various groups (see Table 3 ). We broadly classify the objects that satisfy the r − W 4 > 14 selection into: (i): unobscured (but reddened) Type 1 quasars possessing broad lines (bitwise value 1 in Table 3 ); (ii): objects that show evidence for being narrowline Type 2 quasars from their optical spectra (bitwise value 2 in Table 3 ); (iii): objects that suggest ongoing, or recently ceased star-formation (bitwise values 4 and 8); (iv): quasars with blue-shifted absorption features (bitwise value 32); (vi): objects that are not detected in the WISE W 1/2-bands (bitwise 64) and (vi): a class of Type 1 sources with extreme rest equivalent widths in their UV broad lines, namely, REW> 150Åin either C iv or Mg ii . These classification groups are not mutually exclusive; several objects are assigned to multiple groups. These sources are indicated by the bitwise values in the last column of Tables 2, described  in Table 3 and example spectra are presented below. Figure 5 presents the spectra of six examples of extremely red quasars, classified as Type 1 based on their optical spectroscopy. We classify these objects as Type 1 quasars since objects in this class are observed to have broad emission lines typical of Type 1 quasars. Where measured, the mean line widths are FWHM(Mg ii) ∼ 6440 km s −1 and FWHM(C iv) ∼ 4900 km s −1 . Figure 5 lists the SDSS name, redshift, classification (from Table 3 ) and r − W 4 colour.
Type 1 Quasars
The spectra in Figure 5 are heterogeneous; some show blue continua, while some are red. One object displays strong Fe ii and the first object (with the lowest redshift in our sample) has unusually broad [O iii] (see also section 4.4). Many of the examples of Type 1 quasars from our selection appear to be significantly reddened (Richards et al. 2003) often with a host galaxy component. Glikman et al. (2013) identify dust-reddened quasars by matching the FIRST radio catalog to the UKIRT Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2007 ). This study identified 14 reddened quasars with E(B − V ) > 0.1, including three at z > 2. However, Glikman et al. (2013) find no heavily reddened (E(B − V ) 0.5) quasars at high redshifts (z > 2). The object ULASJ1234+0907 (z = 2.503) discovered by Banerji et al. (2014) is currently the reddest broad-line Type 1 quasar known, with (i−K)AB > 7.1. Since all our extremely red quasar have i 22 mag and a range of 1.62 < (i−K)AB < 4.73 (Paper II), none of our objects have optical-to-near infrared colours as red as ULASJ1234+0907.
Type 2 Quasar candidates at low redshift
We define Type 2 quasars as objects with narrow emission lines and that do not have an underlying broad component, and with line ratios characteristic of non-stellar ionizing radiation (Reyes et al. 2008 ). Specifically, in Type 2 quasars Spectra that cut off at 3800Å and 9200Å are SDSS spectra, while BOSS spectra extend to 3600Å and 10,400Å. Objects with starred classifications were targeted due to their radio properties.
the broad-line region is completely blocked from the observer by strong obscuration (AV > 10), and nuclear activity is inferred indirectly via the emission line ratios of ionized gas which should be characteristic of photo-ionization by the quasar (Baldwin et al. 1981; Veilleux & Osterbrock 1987) . At low redshifts, where Hβ is accessible in the optical spectrum, we can define "Type 2" objects as those in which the kinematic structure of the permitted emission lines is similar to that of the forbidden lines; the permitted lines should not display an additional broad (FWHM > ∼ 2000 km sec Among the 29 objects with z < 1.1, 20 (69%) are classified as Type 2 active nuclei candidates from their optical spectra; see Figure 6 . This high fraction of Type 2 objects is completely uncharacteristic of the parent sample of the SDSS/BOSS quasars, making it clear that the selection based on high infrared-to-optical colours can indeed recover obscured quasars. All seven Type 2 quasars in our sample that were observed before July 2006 are found in the catalog of Reyes et al. (2008) .
Type 2 Quasars candidates at high redshift
At high redshift (z > 1.5) we also find objects that have narrow emission lines, weak continua and satisfy the definition of Type 2 candidates; see Figure 7 . Although the classifications are performed by visual inspection of the optical spectra, with one exception (noted below) all objects in this class have FWHM(C iv) 2000 km s −1 . These objects have similar optical spectra to those described in Yan et al. (2013) and Alexandroff et al. (2013) , although there are no objects in common between our sample and that presented in Alexandroff et al. (2013) . Those authors present a sample of 145 candidate Type 2 quasars from BOSS at redshifts between 2 and 4.3, using data from DR9 (Ahn et al. 2012 ). These objects are characterized by weak continuum in the rest-frame ultraviolet with a typical continuum magnitude of i ≈ 22 (i.e., Mi(z = 2.5) ≈ −25) and strong lines of C iv and Lyα , with FWHM ≤ 2000 km s −1 . Typical (∼ L * ) galaxies are ≥ 1 magnitudes fainter at these redshifts (Marchesini et al. 2007 (Marchesini et al. , 2012 , suggesting host-galaxy light is not fully sufficient to explain the continuum luminosity and some level of AGN light is getting through/around the absorber.
The reddest quasar in Alexandroff et al. (2013) has r − W 4 = 13.30. In general, our selection of Type 2 candidates is not as strict as that of Alexandroff et al. (2013) , and we classify one object as a Type 2 with z > 2, that is in DR9 but not in the Alexandroff et al. (2013) sample; J083448.48+015921.1 at z = 2.594 has FWHM(C iv) = 2864 ± 73 km s −1 which is above the 2000 km s −1 limit of the Alexandroff et al sample.
While this class of object shows only narrow emission lines in the rest-frame UV spectra, Greene et al. (2014) obtained near-infrared spectroscopy for a subset of the Alexandroff et al. (2013) sample, demonstrating that the Hα emission line consistently requires a broad component. This result implies that the typical extinction in these objects is AV a few, sufficient to block the rest-frame UV continuum and broad lines but not the rest-frame optical -consistent with the (relatively) bright continuum.
Objects with (post-)starburst signatures
Our sample includes quasars that have starburst or post-starburst signatures in their optical spectra. Examples are given in Figure 8 . Objects are placed into the starburst class if they exhibit evidence of obvious [O ii] emission, especially when compared with [O iii] (Kennicutt 1998; Kewley & Dopita 2002; Kewley et al. 2004; Moustakas et al. 2006; Mostek et al. 2012) . The poststarburst objects are objects which have either a Balmer break, and/or an obvious Balmer series.
Post-starburst quasars exhibit a Balmer edge originating from an A-star population that is not dominated by blue light from OB-stellar populations. Quasars with post-starbursting signatures have been identified previously, (e.g., Brotherton et al. 1999 Brotherton et al. , 2002 Cales et al. 2014) and Cales et al. (2013) derive physical properties from optical spectra while Wei et al. (2013) study the MIR spectral properties of post-starburst quasars.
Considerable study has been carried out using the [O ii] λ3727Å forbidden-line doublet and [OII]/[OIII] ratio as a starburst indicator in AGN and galaxies (e.g., Kauffmann et al. 2003; Groves et al. 2006 ). The r−W 4 > 14 quasars that have a starburst signature are some of our most luminous W 4-sources; three (out of 5) of our objects have Fig. 8 .)
The quasar J112657.76+163912.0 (hereafter J1126+1639) may have other optical objects within the W 4-beam, as we mentioned in Section 2.2. J1126+1639 appears to be at the center of a group/small cluster of other optically red galaxies. However, the other group members are blue in (W 1 − W 2) colour, suggesting that these objects are not bright in W 4. Our likely candidate appears disturbed in the SDSS optical image, suggesting that it hosts an ongoing merger.
Broad Absorption Line Quasars
Our r − W 4 > 14 quasar selection also finds broad absorption line (BAL) objects (Figure 9 ). From visual inspection of their optical spectra, all objects in this class are obvious strong absorption systems. Although we do not use it for our classifications, the C iv balnicity index (BI; Weymann et al. 1991 ) for our extremely red BAL quasars as reported in the DR10Q catalog is generally log 10 (BICIV) 3.
It has been known for some time that BALs can be redder (in optical-to-near infrared colour) than the general quasar population e.g., Hall et al. (1997) . Hall et al. (2002) report on a number of heavily-reddened, extreme BAL quasars discovered in SDSS, while Trump et al. (2006) , Gibson et al. (2009) and Allen et al. (2011) explore this reddening-BAL relation. However, we note that the presence of the BAL objects do not appear in our sample due to dust reddening; in these objects, the BAL troughs remove a large fraction of the continuum that would otherwise contribute to the r-band flux, which makes the r − W 4 color even redder. 
W1W2-dropout Quasars
Objects that are selected to be bright at 12 or 22µm, but undetected by WISE at 3.4 and 4.6µm are "W1W2-dropouts". Eisenhardt et al. (2012) find ∼1000 such objects over the whole sky, including the z = 2.452 source WISE J181417.29+341224.9, a hyper-luminous infrared galaxy (HyLIRG) with LIR > 10 13 L⊙. WISE 1814+3412 has a W 4 flux density of 14.38 ± 0.87mJy; a 350µm detection (Wu et al. 2012 ) implies a minimum bolometric luminosity of 3.7 × 10 13 L⊙ suggesting the W1W2-dropouts are extreme cases of luminous, hot (60-120K) dust-obscured galaxies possibly representing a short evolutionary phase during galaxy merging and evolution.
Three of our 65 objects (∼5%) satisfy the W1W2-dropout selection criteria. Their optical spectra are shown in Figure 10 . These three quasars were all discovered by BOSS, have r-band fluxes of ≈ 5 − 8 µJy (cf., 2.25 ± 0.11 µJy for WISE 1814+3412) and redshifts z = 2.638 − 3.138 placing them in the HyLIRG regime.
Comparing our quasar W1W2-dropouts to the hyperluminous infrared galaxy population will offer clues linking intense star-formation and high-luminosity accretion activity. We speculate that these are a transition class of quasar, bridging the gap from unreddened "Type 1s" to the recently discovered (Banerji et al. 2013 (Banerji et al. , 2014 heavily reddened/obscured "Type 2" hyper-luminous quasars at high redshift.
4.7 J153542.41+090341.1 Figure  11 displays the spectrum of SDSS J153542.41+090341.1, hereafter J1535+0903, a remarkable object with a unique pattern of emission lines. We classify this quasar as a Type 2 candidate based on line widths in both C iv (Table 2) and Mg ii (FWHM=1600 ± 60 km s −1 ). However, the exceptionally strong emission in Al iii 1860 and in Fe ii at ∼ 2300−2770Å point to high densities indicative of a broad line region and thus a Type 1 classification. In particular, photoionization models by Baldwin et al. (1996) demonstrate that large ratios of Al iii 1860 compared to the inter-combination lines with similar ionizations, C iii] 1909 and especially Si iii] 1892, require densities ne > ∼ 10 cm −3 . Similarly, Baldwin et al. (2004) showed that this peculiar pattern of FeII emission lines, dominated by a few spikes that include the resonance multiplets UV1 and UV 2,3, also requires densities > ∼ 10 12 cm −3 in a gas with very low ionization parameter. Hamann et al. (in prep.) present a quantitative analysis of this object.
Extreme Equivalent Width Objects
The EREW objects that we present in Figure 12 all have C iv FWHM > 2000 km s −1 (Table 2 ) and are thus classified as Type 1 quasars. These six examples are a set of objects at z ≃ 2−3 which are characterized by extreme restframe equivalent widths (EREWs) of 150Å (the measured REWs from the C iv line are given in Fig. 12 ). For comparison, typical quasars have REW(C iv)≈25-50Å (Figure 13 ). This sample includes six broad-line sources with REW(C iv) 150Å, of which four have REW(C iv) > 200Å. Some of the extreme REW sources also have unusual line properties including: unusually high N v/Lyα, enhanced Si iv+O iv] and weak He ii and C iii]. Some also have strong Lyβ and unusual Lyα profiles. Figure 13 displays the distribution of C iv rest equivalent widths in the BOSS DR10 Quasar catalog. This plot uses line data from the DR10Q catalog, and selects sources that have: 2.0 < z < 3.4, the visual inspection flag for BALs set to 0 (i.e. no BALs), FWHM(C iv) > 2000 km s −1 , and the ratio of the C iv rest-frame equivalent width to its uncertainty to be > 3. A total of 98807 quasars satisfy these criteria and in the cumulative distribution, 5.8% of quasars have REW(C iv) > 100Å with 1.3% having REW(C iv) > 150Å. This is to be compared to 55% (45%) of the non-BAL Type 1s with measurable CIV in our sample having REW(C iv) > 100 (150)Å.
J1535+0903 (Section 4.7) may also be a member of this class. We measure REW(C iv)≈136Å, and REW(Mg ii) is ∼280Å, depending on uncertain continuum placement. This source shares a strong Al III 1860 line with the N v/Lyα > 1 objects.
The large REWs in these objects might be caused by suppressed continuum emission analogous to Type 2 quasars in the Unified Model. However, the large line widths (e.g., compared to typical narrow line regions Liu et al. (2013) ) and in some cases very high densities (Hamann et al., in prep.) suggest that the line-emitting regions are close to the central continuum source, like typical broad line regions. It therefore seems difficult to have dust obscuring the continuum source without also obscuring the broad emission lines. We note we are not testing or contradicting the Unified Model. However, if we interpret the large REWs as due to continuum obscuration, then a simple unified picture e.g., Urry & Padovani (1995) where when there is continuum obscuration, there is also obscuration of the BLR and a Type 2 quasar is observed, does not fully explain these objects. Other possibilities to explain the physical nature of the EREW quasars include spatially extended broad line regions, chance alignments of dusty clumps in a clumpy torus, and highly-ionized gas in a failed BAL wind or a thick accretion disk corona directly above the continuum-emitting disk. Unusual emission line ratios in some of the EREW quasars, including NV λ1240 stronger than Lyα and an unusual pattern of FeII lines at 2300-2770Å, suggest that un- usual physical conditions in the broad emission line regions are sometimes involved. We investigate these issues further in Hamann et al. (2014, in prep.) .
SUMMARY AND CONCLUSIONS
We have matched the quasar catalogs of the SDSS and BOSS with WISE to identify quasars with extremely high infrared-to-optical ratios rAB − W 4Vega > 14 mag (i.e., Fν(22µm)/Fν (r) > ∼ 1000). We identify 65 objects and note the following findings and conclusions:
• This sample spans a redshift range of 0.28 < z < 4.36 with a median of z ∼ 1.5.
• We recover a broad range of quasar spectrum in this selection. The majority of the objects have spectra of reddened Type 1 quasars, Type 2 quasars (both at low and high redshift) and objects with strong absorption features.
• There is a high fraction of Type 2 objects at low redshift, suggesting that a high optical-to-infrared colour can be an efficient selection of narrow-line quasars.
• There are three objects that are detected in the W 4-band but not W 1 or W 2 (i.e., "W1W2-dropouts") all of which are at z > 2.6.
• We identify an intriguing class of objects at z ≃ 2 − 3 which are characterized by equivalent widths of REW(C iv)
150Å. These objects often also have unusual line properties. We speculate that the large REWs may be caused by suppressed continuum emission analogous to Type 2 quasars in the Unified Model. However, there is no obvious mechanism in the Unified Model to suppress the continuum without also suppressing the broad emission lines, thus potentially providing an interesting challenge to quasar models. Table 2 ), unusual profiles of the Lyα/NV complex (and the ratio of Lyα:NV) and flat continua in all examples. The quasar J022052.11+013711.1 (bottom panel) is also a W1W2-dropout (Fig. 10) .
